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Abstract

Objective Chiari I malformation is treated with suboccipital craniectomy with cervical laminectomy, a procedure which
has been associated with the possibility of pre-existing or iatrogenic occipitocervical instability. The long-term risk of sub-
sequent spinal deformity and need for occipito cervical fusion after standard Chiari decompression in pediatric patients has
not yet been characterized.

Methods We queried our institutional electronic database for patients aged 18 and under, with at least 5 years of follow-
up, that underwent surgical decompression for Chiari I malformation. Occurrence of subsequent occipitocervical fusion at
follow-up comprised the primary endpoint. Cases with myelomeningocele, Chiari II, or fusion at time of decompression
were excluded.

Results A total of 30 patients (median age 5.5 years, 60% males) were analyzed. Age distribution was as follows: n=3 for
0-1 years, n=11 for 1-5 years, n=4 for 5-10 years, and n= 12 for 1018 years. Median tonsillar descent below the foramen
magnum was 12.5 mm (interquartile range [IQR]: 10.8—-19.5 mm). Syringomyelia was observed in 43%, retroflexion of the
dens in 55%, basilar invagination in 6.7%, and medullary kinking in 27%. The median clivo-axial angle was 142° (132-150°).
The majority of patients underwent C1 laminectomy (n =24, 80%), followed by C1-C2 laminectomy (n =4, 13%), while one
patient had C1-upper C2 and C1-C3 laminectomy each, respectively. At a median follow-up of 6.3 years, there was only one
patient (3.3% of overall cohort) that underwent subsequent occipitocervical fusion. The patient (4-year-old male) initially had
a suboccipital craniectomy with C1 laminectomy and duraplasty and presented with recurrence of posterior headaches and
neck pain 4 months after original surgery. We proceeded with occiput-C2 fusion with subsequent resolution of his symptoms.
Conclusion Current analysis shows that in the absence of clinical or imaging features suggestive of craniocervical instabil-
ity, Chiari I decompressive surgery is associated with very low long-term risk of requiring occipitocervical fusion. This
observance can be used to guide surgical treatment decisions, especially in young children with Chiari I malformations.
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Introduction

Chiari I malformation is defined radiologically as hernia-
tion of the cerebellar tonsils below the foramen magnum,
often with peg-like appearance of the tonsils and syringo-
myelia [1, 2]. Prevalence of Chiari I malformation is esti-
mated between 0.5 and 1% in the adult population, while
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prior work in children found a prevalence of 3.6% in children
undergoing imaging of the brain and spine [3, 4]. Symp-
toms of syringobulbia or syringomyelia, lower cranial nerve
dysfunction, and refractory occipital headache prompt con-
sideration of surgical management in these patients [1, 2].
Posterior fossa decompression and C1 laminectomy with
or without additional cervical laminectomy are employed
as a surgical treatment for symptomatic patients. This pro-
cedure and associated underlying pathology have tradi-
tionally been considered risk factors for subsequent occip-
itocervical instability, particularly in the rapidly growing
spines of young children [5-7]. The occurrence of and risk
factors for delayed occipitocervical fusion following this
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decompression are not well understood with fusion rates in
prior studies varying substantially [8—10]. With this study,
we seek to further define the long-term requirements for
occipitocervical fusion in this young patient population.

Materials and methods
Data source and selection criteria

Following Institutional Review Board approval
(#21-000,426), we queried our institutional electronic data-
base for all years available for pediatric patients (defined as
less than 18 years of age) with Chiari malformation (ICD-9
code 741.90, ICD-10 code Q07.01) that underwent surgical
decompression. We excluded cases with Chiari II malforma-
tion or concurrent myelomeningocele, patients that under-
went surgery for another reason or underwent fusion at the
same time with decompressive surgery. We also excluded
cases with less than 5 years of postoperative follow-up.

Primary outcome

Occurrence of subsequent fusion (i.e., at follow-up) at our
institution or outside institution comprised the primary out-
come of interest. We also recorded the occurrence of new
axial neck or arm pain or cervical spine deformity.

Covariates of interest

We recorded the following variables: age, sex, comorbidi-
ties (prematurity, sleep apnea, presence of spinal deform-
ity), baseline radiographic parameters (length of tonsillar
descent through the foramen magnum, presence of syrinx,
basilar invagination (defined as the tip of the odontoid pro-
cess projecting above the line connecting the basion with the
opisthion), retroflexed dens (defined as posterior angulation
of the odontoid process in relation to the body of the axis),
medullary kinking, clivo-axial angle (defined as the angle
created between a line drawn along the lower third of the
clivus and a line drawn along the posterior surface of the
odontoid process), and operative variables (levels of lami-
nectomy). The clivo-axial angle in most individuals lies in
the range 145-160° in the neutral position, and may increase
up to 180° in extension [11, 12].

Statistical analysis

Descriptive statistics (continuous variables using medians
with interquartile ranges and categorical variables using
frequencies with proportions) were used to summarize the
available information. Given our limited sample size, uni-
variate analysis with p values was not conducted. Statistical
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analysis was conducted using R open software, version 3.4.3
(R Development Core Team (2008). R: A language and envi-
ronment for statistical computing. R Foundation for Statisti-
cal Computing, Vienna, Austria).

Results
Baseline demographics and clinical symptoms

A total of 278 patients were identified through the electronic
search. After applying exclusion criteria (n =53 for a primary
diagnosis other than Chiari, n=181 with less than 5 years of
follow-up, n=10 patients with Chiari II features, and n=4
with upfront fusion), thirty patients remained in the final
cohort and were further analyzed [Fig. 1]. The four upfront
fusion patients had the following characteristics (in addition
to Chiari malformation): (1) a 4-year-old female with mild
cognitive delay, severe basilar invagination, 20 mm of tonsillar
displacement, and retroverted dens who underwent both tran-
soral decompression of the dens and posterior occiput to C4
fusion; (2) a 7-year-old male with dental retroversion, 10 mm
of tonsillar displacement, 140° of clivo-axial angle, and ventral
brainstem compression who underwent occiput to C2 fusion;
(3) a 6-year-old male with torticollis at age 4, 6 mm of tonsillar
descent, Klippel-Feil syndrome, diminutive C1 posterior arch,
occipitalization of the atlas, and enlarged atlantodental interval
who underwent occiput to C3 fusion; and (4) an 18-year-old
female with platybasia, high position of dens and C1 arch, and
hypoplastic occipital condyles with early degenerative changes
who underwent occiput to C3 fusion.

In the final cohort, median age was 6 years (IQR: 2—-14)
and 58% were males (n=18). Age distribution was as fol-
lows: n=3 for 0-1 years, n=11 for 1-5 years, n=4 for
5-10 years, and n=13 for 10-18 years. One patient had
scoliosis and one patient was diagnosed with sleep apnea
preoperatively. No patient was born prematurely. A summary
of this information per age group is presented in Table 1.

Imaging characteristics

With regard to MRI characteristics, median tonsillar descent
below the foramen magnum was 13 mm (IQR: 11-21 mm).
Syringomyelia was observed in 13 cases (42%), retroflexion
of the dens in 17 cases (57%), basilar invagination in 2 cases
(6.7%), and medullary kinking in 8 cases (27%). The median
clivo-axial angle was 142° (IQR: 132-150°).

Operative parameters
All patients had suboccipital craniectomy with allograft

duraplasty. In terms of cervical decompression, the over-
whelming majority of patients underwent C1 laminectomy
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Fig. 1 Flowchart of patient
cohort selection
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Table 1 Baseline demographics, imaging, and operative characteristics and postoperative outcomes in Chiari patients undergoing decompressive

surgery, broken down by age group

Variable Age (0-1) Age (1-5) Age (5-10) Age (10-18]
N=3 N=11 N=4 N=13
Male sex, n (%) 3 (100%) 9 (81.8%) 3 (75.0%) 3 (25.0%)
Comorbidities, n (%)
Scoliosis 0 (0.00%) 0 (0.00%) 0 (0.00%) 1(8.33%)
Sleep apnea 0 (0.00%) 0 (0.00%) 1(25.0%) 0 (0.00%)
Prematurity 0 (0.00%) 0 (0.00%) 0 (0.00%) 0 (0.00%)
Tonsillar descent in mm, median (IQR) 12.0 [11.0;16.5] 13.0 [10.0;17.0] 15.5[11.0;19.8] 12.5[11.8;16.5]
Syrinx present, n (%) 0 (0.00%) 2 (18.2%) 3 (75.0%) 8 (66.7%)
Retroflexed dens, n (%) 1(33.3%) 4 (40.0%) 3 (75.0%) 8 (66.7%)
Basilar invagination, n (%) 1 (33.3%) 0 (0.00%) 1(25.0%) 0 (0.00%)
Medullary kinking, n (%) 0 (0.00%) 2 (20.0%) 2 (50.0%) 4 (33.3%)
Clivo-axial angle, median (IQR) 143 [131;146] 147 [129;152] 137 [131;143] 142 [134;150]
Clivo-axial angle < 125 degrees, n (%) 1(33.3%) 2 (20.0%) 0 (0.00%) 0 (0.00%)
Laminectomy levels
Cl1 1(33.3%) 9 (81.8%) 4 (100%) 10 (83.3%)
Cl-upper C2 0 (0.00%) 1(9.09%) 0 (0.00%) 0 (0.00%)
Cl-C2 1(33.3%) 1(9.09%) 0 (0.00%) 2 (16.7%)
C1-C3 1(33.3%) 0 (0.00%) 0 (0.00%) 0 (0.00%)
Duration of follow-up 72.0 [67.0;94.0] 80.0 [69.5;95.0] 66.0 [64.5;76.5] 119 [70.8;143]
Neck pain, n (%) 1(33.3%) 0 (0.00%) 0 (0.00%) 1(8.33%)
Arm pain, n (%) 0 (0.00%) 0 (0.00%) 0 (0.00%) 0 (0.00%)
Deformity, n (%) 0 (0.00%) 0 (0.00%) 0 (0.00%) 0 (0.00%)
Subsequent spine surgery, n (%) 0 (0.00%) 1 (9.09%) 0 (0.00%) 0 (0.00%)
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Fig.2 Images of the 4-year-old
male that underwent subse-
quent occiput-C2 arthrodesis
following O-C1 laminectomy.
A Preoperative sagittal T2
MRI showed tonsillar descent
of 14 mm and retroflexed dens
with mild medullary kinking.
The clivo-axial was 118.7°, B
postoperative sagittal T2 MRI,
C extension and D flexion
cervical spine radiographs due
to neck pain recurrence follow- ).
ing the Chiari decompression .
showing stepwise subluxation
in upper cervical levels but

no overt hypermobility at the
C1-C2 complex, E postopera-
tive neutral cervical spine radio-
graph following O-C2 fusion

(n=25, 81%), followed by C1-C2 laminectomy (n=4, 13%),
while one patient had C1-upper C2 and C1-C3 laminectomy,
respectively.

Incidence of subsequent fusion

At a median follow-up of 6.3 years, there was only one
patient that underwent subsequent occipitocervical fusion.
The patient was an otherwise healthy 4-year-old male who
presented with a year history of debilitating holocephalic
headaches, predominantly occipital, and no other neurologi-
cal symptoms [Fig. 2]. Preoperative MRI showed tonsillar
descent of 14 mm and retroflexed dens with mild medul-
lary kinking. Syrinx or basilar invagination was not pre-
sent. The clivo-axial was 118.7°. He underwent uneventful
suboccipital craniectomy with C1 laminectomy and dura-
plasty. Although improved initially, his headaches returned
4 months after surgery. He complained of debilitating poste-
rior occipital headaches and neck pain exacerbated by neck
movement. He did not have any neurological deficits on
physical exam. Follow-up MRI continued to show tightness
around the cervicomedullary junction. The working hypoth-
esis was C2 nerve irritation due to micro-instability at the
craniocervical region (although not evident in plain flex-
ion—extension cervical spine x-rays); therefore, the decision
was made to proceed with fusion. He underwent uneventful
occiput-C2 arthrodesis with subsequent complete resolution
in his symptoms at 5-year follow-up. A summary of the char-
acteristics of this case is presented in Table 2.
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Review of the clinical course of the remainder of the
patient did not reveal subsequent fusion at our or outside
institutions. Only one other patient complained of neck

Table 2 Characteristics of the single patient that underwent subse-

quent fusion in our series

Variable Patient #
Age (years) 4
Sex Male
Comorbidities

Scoliosis No

Sleep apnea No

Prematurity No
Tonsillar descent (mm) 14
Syrinx present No
Retroflexed dens Yes
Basilar invagination No
Medullary kinking Yes
Clivo-axial angle (degrees) 118.7
Laminectomy levels Cl1
Neck pain No
Arm pain No
Deformity No
Time to fusion (months) 13

Type of fusion

Reason for fusion

Occiput-C2 fusion

Recurrence of
headaches and
neck pain




Child's Nervous System (2022) 38:1455-1460

1459

pain. Postoperative x-rays were obtained for various rea-
sons (residual headache, evaluate potential development of
deformity, brainstem compression) in 15 (50%) of patients,
and no patient developed worrisome findings, such as sub-
luxation from occiput to C2, loss of cervical kyphosis or new
lordosis, or new basilar invagination).

Discussion

In the present analysis, we reviewed the long-term outcomes
of our institutional series of pediatric patients with Chiari I
malformation and found the risk of subsequent fusion to be
extremely low, i.e., 3.3% (1/30 patients). Only one patient
underwent O-C2 fusion after a short interval after decom-
pression due to persistent symptoms which resolved after
fusion.. The remainder of this surgical cohort did not acquire
instability or need for fusion during long-term follow-up.

The overall risk for spinal instability following cervical
laminectomies in children and particularly those spanning
2 levels or more remains a controversial issue. Along these
lines, Yasuoka et al. examined the incidence of spinal col-
umn deformity (kyphoscoliosis and/or instability) following
multilevel laminectomy in patients younger than 25 years
of age [9]. There were no instances of spinal deformity in
68 Chiari patients undergoing occiput-C1/C2 laminectomy.
On the other hand, Bell et al. investigated the association
between the development and progression of spinal deform-
ity after multilevel cervical laminectomy in 89 children, of
which 65 had Chiari malformation (I or II) [5]. Significant
kyphosis developed in 46 patients (53%) at a mean follow-
up of 5.1 years. Interestingly, the development of kyphosis
did not significantly correlate with the number of resected
levels.

Chiari I malformation rarely co-exists with concurrent
spinal deformities; however, a proportion are considered
“complex” and therefore necessitate more thorough evalu-
ation before offering decompression alone [8, 10, 13]: (1)
basilar invagination (7% in our series), (2) clivo-axial angle
less than 125° (10% in our series), and (3) the condylar-
C2 sagittal vertical alignment (defined as the position of a
plumb line from the midpoint of the O-C1 joint relative to
the posterior aspect of the C2-C3 disc space). These varia-
tions in craniovertebral anatomy may represent a manifesta-
tion of underlying occipitocervical instability, thereby neces-
sitating static and dynamic cervical spine radiographics and
consideration for possible arthrodesis. Observances from
the Park-Reeves Syringomyelia Research Consortium have
revealed an overall occurrence of occipitocervical fusion
in the Chiari population of 1.8% [14]. Platybasia, Klippel-
Feil syndrome, and basilar invagination were found to be
risk factors for fusion. Most fusions were upfront, and the
delayed fusions occurred at a median interval of 27 months.

In the absence of the aforementioned factors, other
authors have attributed the risk of postoperative spinal insta-
bility and/or subsequent deformity to violation of the sub-
occipital muscle and semispinalis capitis and cervicis (i.e.,
when C2 decompression is performed) or facet violation if
laminectomy is too wide [15-18]. According to an older
series of 32 pediatric patients from Pittsburgh, the frequency
of postoperative kyphosis was 9%, and the one case with cer-
vical instability had inadvertent violation of the facet joint
[18]. Elsewhere in the literature, there are mainly single case
reports of subsequent fusion in children, which reflects the
rarity of this need as demonstrated in our series. Willhuber
et al. presented a case of a 9-year-old female who presented
with symptomatic torticollis due to new C1/2 rotatory sub-
luxation and C2/3 anterolisthesis at 4 months following
uncomplicated O-C2 laminectomy [19]. She went to receive
O-C4 fusion and was pain- and symptom-free at 12-month
follow-up. Bekelis et al. reported a case of a 6-year-old
female with past surgical history of Chiari decompression
surgery at 22 months of age that presented with neck pain
on flexion and extension. She underwent occiput-C2 fusion
with occipital condyle screws and resolution of her neck pain
on last follow-up [7].

In retrospective review, the one patient in our series that
underwent later fusion had radiographic (clivo-axial angle
less than 125°) and clinical (persistent occipital and neck pain
despite adequate decompression) factors for need for arthro-
desis. While preoperative x-rays are not routinely obtained
in all Chiari I cases, patients with a “complex” phenotype,
i.e., basilar invagination, clivo-axial angle less than 125°, and
condylar-C2 sagittal vertical alignment greater than 5 mm,
could benefit from standing and flexion—extension plain radi-
ographs to evaluate for spinal instability and consideration of
upfront fusion. In our institutional experience, we have found
that children who do not display such “high-risk” features can
be safely observed with minimal risk of requiring long-term
subsequent occipitocervical fusion.

Limitations

The first limitation of this study is the retrospective design.
Second, many patients in our institutional surgical cohort
did not have 5 years of follow-up, which led to a limited
sample size. As shown in Fig. 1, there were 180 patients
excluded with less than 5-year follow-up out of 225 patients
who underwent surgery for Chiari malformation. Although
this reduced our sample size, we deemed 5 years a reason-
able minimum time frame for monitoring for development
of occipitocervical instability. Third, the need for subsequent
arthrodesis was based on clinical signs, and dynamic x-rays
were not routinely performed in Chiari patients postopera-
tively. Therefore, the incidence of sub-clinical radiographic
evidence of kyphotic deformity was not determined. Finally,
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a small number of patients in our surgical series underwent
upfront occipitocervical fusion, which may have introduced
selection bias in the remaining cohort of patients that were
studied.

Conclusion

The long-term risk of subsequent fusion following decom-
pressive surgery for non-complex pediatric Chiari I patients
is extremely low. Although this operation has traditionally
been associated with the need for subsequent fusion in the
developing spine of young children, our institutional expe-
rience suggests otherwise in the overwhelming majority of
our patients with long-term follow-up. This information can
guide the caregivers of patients during preoperative discus-
sions about long-term risks, especially in young children.
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